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(57) ABSTRACT

Disclosed herein is a wearable robot for assisting a wearer’s
intended motion, including: one or more links configured to
support the wearer; one or more joints unit configured to
connect the links to each other; a controller configured to
determine the wearer’s intended motion, and to calculate at
least one torque based on the wearer’s intended motion; and
a driver configured to generate the calculated torque in the
joints. According to the wearable robot, a wearer’s intended
motion may be determined in real time based on a velocity
of the wearer’s center of gravity. At this time, by using a
pressure sensor, reliability of the motion determination may
increase. Also, joint movements may be effectively con-
trolled according to the wearer’s intended motion.

18 Claims, 14 Drawing Sheets
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WEARABLE ROBOT AND CONTROL
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent
Application No. 2013-0152886, filed on Dec. 10, 2013 in the
Korean Intellectual Property Office, the entire disclosure of
which is incorporated herein by reference.

BACKGROUND

1. Field

Example embodiments relate to a wearable robot, and a
control method thereof. In some example embodiments, the
wearable robot is configured to use information about the
center of gravity.

2. Description of the Related Art

Wearable robots may assist a human’s muscle power in
performing motion for various purposes, such as a military
purpose, an industrial purpose, a rehabilitation purpose, and
a welfare purpose.

Examples of wearable robots for assisting muscle power
are a muscle power enhancing wearable robot for enhancing
healthy people’s exercise ability, a muscle power assisting
wearable robot for helping people having weak muscle
power to maintain their daily life without inconvenience,
and an artificial muscle power providing wearable robot for
enabling people who cannot produce normal motions.

The muscle power assisting wearable robot can be clas-
sified into an upper extremity wearable robot for upper
extremity motions, and a lower extremity wearable robot for
lower extremity motions. Specifically, the lower extremity
wearable robot assists movements of a wearer’s hips, knees,
and ankle joints in order for the wearer to more easily take
motions, such as walking, sitting, and standing.

Interest in a lower extremity robot for recognizing a
wearer’s intended motion and effectively assisting joint
movements is increasing.

SUMMARY

Some example embodiments provide a wearable robot
configured to use information about the center of gravity,
and a control method thereof.

Additional aspects of the example embodiments will be
set forth in part in the description which follows and, in part,
will be obvious from the description, or may be learned by
practice of the disclosure.

In accordance with some example embodiments, a wear-
able robot for assisting a wearer’s intended motion,
includes: one or more links configured to support the wearer;
one or more joints unit configured to connect the links to
each other; a controller configured to determine the wearer’s
intended motion, and to calculate at least one torque based
on the wearer’s intended motion; and a driver configured to
generate the calculated torque in the joints.

The controller may calculate a velocity of the wearer’s
center of gravity, and determine the wearer’s intended
motion based on the calculated velocity of the wearer’s
center of gravity.

The wearable robot may further include a pressure sensor
configured to sense the wearer’s weight, wherein the con-
troller determines the wearer’s movement state based on the
calculated velocity of the wearer’s center of gravity and
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pressure measured by the pressure sensor, and determines
the wearer’s intended motion based on the wearer’s move-
ment state.

The controller may compare the calculated velocity of the
wearer’s center of gravity to a first reference value, and
compare the measured pressure to a second reference value,
so as to determine the wearer’s movement state.

The controller may compare a first direction magnitude of
the calculated velocity of the wearer’s center of gravity to at
least one first direction reference value of the first reference
values, and compare a second direction magnitude of the
calculated velocity of the wearer’s center of gravity to at
least one second direction reference value of the first refer-
ence values.

The first direction may be perpendicular to the second
direction.

If the controller determines that the wearer’s movement
state is a state in which the wearer stands, the controller may
determine that the wearer’s intended motion is a standing
motion.

If the controller determines that the wearer’s movement
state is a state in which the wearer sits, the controller may
determine that the wearer’s intended motion is a sitting
motion.

If the controller determines that the wearer’s intended
motion is a standing motion or a sitting motion, the con-
troller may calculate the torque.

The controller may calculate the torque n times so that the
wearable robot assists the wearer’s intended motion through
n steps, wherein n=z1.

The controller may calculate the torque using the follow-
ing equation:

=T F

where T is at least one torque, F is a predetermined force for
moving the wearer’s center of gravity, J is a Jacobean
matrix, and T is transpose.

In accordance with other example embodiments, a control
method of a wearable robot for assisting a wearer’s intended
motion, includes: determining the wearer’s intended motion;
calculating at least one torque based on the wearer’s
intended motion; and generating the calculated torque in one
or more joints connecting one or more links to each other.

The determining of the wearer’s intended motion may
include calculating a velocity of the wearer’s center of
gravity, and determining the wearer’s intended motion based
on the calculated velocity of the wearer’s center of gravity.

The control method may further include, at a pressure
sensor, measuring pressure, wherein the determining of the
wearer’s intended motion comprises determining the wear-
er’s movement state based on the calculated velocity of the
wearer’s center of gravity and the measured pressure, and
determining the wearer’s intended motion based on the
wearer’s movement state.

The determining of the wearer’s intended motion may
include comparing the calculated velocity of the wearer’s
center of gravity to a first reference value, and comparing the
measured pressure to a second reference value so as to
determine the wearer’s movement state.

The determining of the wearer’s intended motion may
include comparing a first direction magnitude of the calcu-
lated velocity of the wearer’s center of gravity to at least one
first direction reference value of the first reference values,
and comparing a second direction magnitude of the calcu-
lated velocity of the wearer’s center of gravity to at least one
second direction reference value of the first reference values.
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The first direction may be perpendicular to the second
direction.

The determining of the wearer’s intended motion may
include if the wearer’s movement state is determined to be
a state in which the wearer stands, determining that the
wearer’s intended motion is a standing motion.

The determining of the wearer’s intended motion may
include if the wearer’s movement state is determined to be
a state in which the wearer sits, determining that the wear-
er’s intended motion is a sitting motion.

The calculating of the at least one torque based on the
wearer’s intended motion may include calculating the torque
if the motion is a standing motion or a sitting motion.

The calculating of the at least one torque based on the
wearer’s intended motion may include calculating the torque
n times so that the wearable robot assists the wearer’s
intended motion through n steps, wherein n=z1.

The calculating of the at least one torque based on the
wearer’s intended motion may include calculating the torque
using the following equation:

=JIF

where T is at least one torque, F is a predetermined force for
moving the wearer’s center of gravity, J is a Jacobean
matrix, and T is transpose.

According to the wearable robot and the control method
thereof, a wearer’s intended motion can be determined in
real time based on a velocity of the wearer’s center of
gravity. Further, by using a pressure sensor, reliability of the
motion determination may increase. Also, joint movements
may be effectively assisted based on the wearer’s intended
motion.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the example embodiments
will become apparent and more readily appreciated from the
following description of some of the example embodiments,
taken in conjunction with the accompanying drawings of
which:

FIG. 1A is a perspective view of a front part of a wearable
robot according to some example embodiments, and FIG.
1B is a perspective view of a rear part of a wearable robot
according to some example embodiments;

FIG. 2 is a bottom view of foot rest units including
pressure sensors, according to some example embodiments;

FIG. 3 is a control block diagram of a wearable robot
according to some example embodiments;

FIG. 4 is a view for describing a method of calculating a
wearer’s center of gravity;

FIG. 5 illustrates a wearer’s motions when he/she stands
and sits;

FIG. 6 shows a 3-link motion trajectory for a standing
motion;

FIG. 7 is a velocity graph showing velocities of the
centers of gravity for standing and sitting motions;

FIG. 8 is the velocity graph of FIG. 7 divided into nine
regions;

FIG. 9 is a graph showing pressure measured by a
pressure sensor and divided into two regions;

FIG. 10 is a table related to standing and sitting motions;

FIG. 11 is a view for describing an example of torque that
is generated when a wearer stands;

FIG. 12 is a view for describing another example of
torque that is generated when a wearer stands; and

FIG. 13 is a flowchart illustrating a control method of a
wearable robot, according to some example embodiments.
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4
DETAILED DESCRIPTION

Reference will now be made in detail to the example
embodiments of the present disclosure, some examples of
which are illustrated in the accompanying drawings,
wherein like reference numerals refer to like elements
throughout.

Hereinafter, a wearable robot and a control method
thereof according to embodiments of the present disclosure
will be described in detail with reference to the accompa-
nying drawings.

Detailed illustrative embodiments are disclosed herein.
However, specific structural and functional details disclosed
herein are merely representative for purposes of describing
example embodiments. Example embodiments may be
embodied in many alternate forms and should not be con-
strued as limited to only those set forth herein.

It should be understood, however, that there is no intent
to limit this disclosure to the particular example embodi-
ments disclosed. On the contrary, example embodiments are
to cover all modifications, equivalents, and alternatives
falling within the scope of the example embodiments. Like
numbers refer to like elements throughout the description of
the figures.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first
element, without departing from the scope of this disclosure.
As used herein, the term “and/or,” includes any and all
combinations of one or more of the associated listed items.

It will be understood that when an element is referred to
as being “connected,” or “coupled,” to another element, it
can be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
element is referred to as being “directly connected,” or
“directly coupled,” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between,” versus “directly between,” “adja-
cent,” versus “directly adjacent,” etc.).

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting. As used herein, the singular forms “a,” “an,” and
“the,” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises,” “comprising,”
“includes,” and/or “including,” when used herein, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

It should also be noted that in some alternative imple-
mentations, the functions/acts noted may occur out of the
order noted in the figures. For example, two figures shown
in succession may in fact be executed substantially concur-
rently or may sometimes be executed in the reverse order,
depending upon the functionality/acts involved.

Various example embodiments will now be described
more fully with reference to the accompanying drawings in
which some example embodiments are shown. In the draw-
ings, the thicknesses of layers and regions are exaggerated
for clarity.
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FIG. 1A is a perspective view of a front part of a wearable
robot according to some example embodiments, and FIG.
1B is a perspective view of a rear part of a wearable robot
according to some example embodiments.

As illustrated in FIGS. 1A and 1B, a wearable robot 1 may
have an external skeleton structure of a joint system similar
to that of a human. More specifically, the wearable robot 1
may include a joint assisting unit 10 that is worn on the
entire or a part of a wearer’s lower extremities to assist the
wearer’s joints, and a main body 40 that controls the joint
assisting unit 10 and/or collects various information.

The joint assisting unit 10 may include joint units 11, 21,
and 31, link units 22 and 32, and a foot rest unit 15.

The link units 22 and 32 function to support the wearer’s
lower extremities. The link units 22 and 32 may be provided
in the outer sides of the wearer’s lower extremities, and have
structures corresponding to the wearer’s left and right lower
extremities. The link units 22 and 32 are referred to as a first
link 22 and a second link 32.

The first link 22 functions to support the wearer’s lower
leg. The first link 22 may be designed in various shapes as
necessary. For example, the first link 22 may be designed in
a bar shape, as illustrated in FIGS. 1A and 1B. Also, the
length of the first link 22 may be adjustable. Accordingly, the
wearer may adjust the length of the first link 22 to corre-
spond to the length of his/her lower leg before or after
wearing the wearable robot 1.

One end of the first link 22 may be connected to the
second link 32, and the other end of the first link 22 may be
connected to the foot rest unit 15. Also, a fastening unit 23
may be attached to the inner side of the first link 22. The
fastening unit 23 may be implemented in the form of a band
or belt, and secure the first link 22 to the wearer’s lower leg.

The second link 32 may function to support the wearer’s
femoral region. The second link 32 may be in a bar shape,
like the first link 22, as illustrated in FIGS. 1A and 1B,
although the thickness and size of the second link 32 may be
different from those of the first link 22. However, the second
link 32 may be designed in another shape as necessary. Also,
the length of the second link 32 may be adjustable, like the
first link 22. Accordingly, the wearer may adjust the length
of the second link 32 to correspond to his/her femoral region
before or after wearing the wearable robot 1.

One end of the second link 32 may be connected to a waist
fastening unit 43 which will be described later, and the other
end of the second link 32 may be connected to the first link
22. A fastening unit 33 for securing the second link 32 to the
wearer’s femoral region may be provided in the inner side of
the second link 32.

The joint units 11, 21, and 31 correspond to a human’s
lower extremity joints, and may move or rotate in various
directions and at various angles according to control signals
from a controller 200 which will be described later in regard
to FIG. 3.

In some example embodiments, the first joint 11 corre-
sponds to an ankle joint, and is provided in a connection part
between the first link 22 and the foot rest unit 15. The second
joint 21 corresponds to a knee joint, and is provided in a
connection part between the second link 32 and the first link
22. Also, the third joint 31 corresponds to a hip joint, and is
provided in a connection part between the waist fastening
unit 43 and the second link 32.

The individual joints 11, 21, and 31 may have at least one
Degree Of Freedom (DOF) for movement or rotation.
Herein, the DOF is a DOF in Forward Kinematics or in
Inverse Kinematics, and means the number of independent
variables that need to represent a position of a certain object.
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For example, an object that is in a 3 Dimensional (3D) space
composed of x-, y-, and z-axes has 3 DOF (positions on the
respective axes) to determine a spatial position of the object,
and 3 DOF to determine a spatial orientation of the object.
If a certain object is movable on the individual axes and
rotatable with respect to the individual axes, the object can
be understood to have 6 DOF.

As discussed in more detail below in regard to FIG. 3,
each of the joint units 11, 21, and 31 may include a driver
400 for movement and/or rotation. The driver 400 may
generate various magnitudes of torque for the respective
joint units 11, 21, and 31 according to control signals from
the controller 200 so that the respective joint units 11, 21,
and 31 can move or rotate in various directions and at
various angles. The driver 400 may be implemented as, for
example, at least one motor to generate a desired (or,
alternatively, a predetermined) magnitude of torque accord-
ing to electrical energy. As another example, the driver 400
may be implemented as at least one vacuum pump or at least
one hydraulic pump to generate a desired (or, alternatively,
a predetermined) magnitude of torque according to pressure.

The foot rest unit 15 is a part on which the wearer’s foot
is rested. The foot rest unit 15 may further include a
fastening unit (not shown) to secure the wearer’s foot on the
foot rest unit 15.

The foot rest unit 15 may include a desired (or, alterna-
tively, a predetermined) sensor to determine whether the
wearer has worn the wearable robot 1 or to determine the
wearer’s intended motion. For example as illustrated in FI1G.
2, in order to determine whether a wearer intends to stand or
sit, the foot rest unit 15 may include at least one pressure
sensor 100 to sense a wearer’s weight. The controller 200
may determine a degree by which a wearer’s sole contacts
the ground using the pressure sensor 100.

FIG. 2 is a bottom view of foot rest units including
pressure sensors, according to some example embodiments.

Referring to FIG. 2, the foot rest unit 15 may be divided
into a first domain D1 on which a forefoot is rested, a second
domain D2 on which a midfoot is rested, and a third domain
D3 on which a rearfoot is rested. At least one pressure sensor
100 may be provided in at least one domain of the first
domain D1, the second domain D2, and the third domain D3.
FIG. 2 shows a case in which pressure sensors 100 of a left
foot rest unit 15 are arranged to respectively correspond to
pressure sensors 100 of a right foot rest unit 15. However,
the pressure sensors 100 needs not to correspond to each
other and the pressure sensors 100 may be arranged in any
one of the left and right foot rest units 15.

Referring again to FIGS. 1A and 1B, the main body 40 of
the wearable robot 1 may include the waist fastening unit 43,
a third link 42, a housing 45, and a power supply 46.

The waist fastening unit 43 is worn on the wearer’s waist.
The third link 42 may be secured on the wearer’s back
through the waist fastening unit 43 so as to support the
wearer’s waist and back. The third link 42 may be designed
in various shapes. For example, as illustrated in FIGS. 1A
and 1B, the third link 42 may be designed in the shape of a
curved plate. Also, the length of the third link 42 may be
adjustable. Accordingly, the wearer may adjust the length of
the third link 42 to correspond to the length of his/her upper
body before or after wearing the wearable robot 1.

The housing 45 and the power supply 46 may be movable
along the outer side of the waist fastening unit 43.

The controller 200 of the wearable robot 1 may be
installed in the housing 45 to generate a control signal for
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controlling the joint assisting unit 10. The control signal may
be transferred to the joint assisting unit 10 through wired/
wireless communication.

The controller 200 may include various processors, such
as a Central Processing Unit (CPU) or a Graphic Processing
Unit (GPU). The housing 45 may include a Printed Circuit
Board (PCB) on which the controller 200 is installed, and
various kinds of storage devices may be installed in the
housing 45, as necessary.

For example, the controller 200 may include a processor
and a memory (not shown).

The processor may be an arithmetic logic unit, a digital
signal processor, a microcomputer, a field programmable
array, a programmable logic unit, a microprocessor or any
other device capable of responding to and executing instruc-
tions in a defined manner such that the processor is pro-
grammed with instructions that configure the processor as a
special purpose computer to perform the operations illus-
trated in FIG. 13, such that the controller 200 determines an
intended motion of a wearer of the wearable robot 1, and
calculates a torque to apply to joints thereof based on the
intended motion.

The instructions may be stored on a non-transitory com-
puter readable medium. Examples of non-transitory com-
puter-readable media include magnetic media such as hard
disks, floppy disks, and magnetic tape; optical media such as
CD ROM discs and DVDs; magneto-optical media such as
optical discs; and hardware devices that are specially con-
figured to store and perform program instructions, such as
read-only memory (ROM), random access memory (RAM),
flash memory, and the like. The non-transitory computer-
readable media may also be a distributed network, so that the
program instructions are stored and executed in a distributed
fashion.

Also, the housing 45 may include a manipulation unit (not
shown) to allow the wearer to input various information for
operating the wearable robot 1 or to manipulate individual
devices, thus providing a User Interface (UI).

The power supply 46 may supply power to various
devices in the housing 45 and/or to the joint units 11, 21, and
31 of the joint assisting unit 10. The power supply 46 may
be a primary battery or a secondary battery. If the power
supply 46 is a primary battery, the primary battery may be
a mercury battery, a manganese battery, an alkaline battery,
or a lithium battery. If the power supply 46 is a secondary
battery, the secondary battery may be a nickel-cadmium
(Ni—Cd) battery, a nickel-hydride (Ni—NH) battery, a
lead-acid battery, a lithium-ion (Li-ion) battery, or a lithium-
polymer battery.

The power supply 46 may be installed in the housing 45.

FIG. 3 is a control block diagram of a wearable robot
according to some example embodiments.

Referring to FIG. 3, the wearable robot 1 may include the
pressure sensor 100, the controller 200, a storage unit 300,
and the driver 400 in order to assist joint movements when
a wearer stands or sits.

The pressure sensor 100 may be provided as at least one
unit in the foot rest unit 15 (see FIG. 2) as described above.
The pressure sensor 100 may measure a change in pressure
such as a Ground Reaction Force (GRF) that is applied in the
opposite direction of gravity so as to determine whether a
wearer stands. The pressure sensor 100 may be implemented
as a capacitor sensor, a piezoelectric sensor, or a strain gauge
according to its usage method.

The capacitor sensor is a pressure sensor that uses a
phenomenon in which increases in positive (+) and negative
(=) charges cause an increase in the intensity of current. The
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increase in the intensity of current may be due to a change
in thickness of an insulator when stress is applied, based on
the magnitude of current when positive (+) and negative (-)
poles are charged with the insulator in between. The piezo-
electric sensor is a pressure sensor that uses a phenomenon
in which charges are generated to change the magnitude of
current when the structure of a piezoelectric material such as
a Si composite changes due to stress. Also, the strain gauge
is a pressure sensor that uses a phenomenon in which when
the length of a resistor made of a fine wire such as a coil,
changes due to stress, resistance of the fine wire changes
accordingly.

The controller 200 may include a position calculator 210,
a velocity calculator 220, a motion determiner 230, a torque
calculator 240, and a driving controller 250.

For example, the processor may be programmed with
instructions that configure the controller 200 as a special
purpose computer to operate as the position calculator 210,
the velocity calculator 220, the motion determiner 230, the
torque calculator 240, and the driving controller 250.

As discussed below with reference to FIGS. 4 to 6, the
position calculator 210 may calculate a position of a wear-
er’s center of gravity.

FIG. 4 is a view for describing a method of calculating a
wearer’s center of gravity.

Referring to the left part of FIG. 4 and FIG. 1, the
wearable robot 1 may be structured with the first link 22, the
second link 32, and the third link 42. That is, the wearable
robot 1 may be represented as a 3-link structure.

The length and weight of the first link 22 are defined as
111 and M1, respectively, the length and weight of the
second link 32 are defined as 112 and M2, respectively, and
the length and weight of the third link 42 are defined as 113
and M3, respectively. An angle of the first link 22 with
respect to the ground is defined as 61, an angle of the second
link 32 with respect to the first link 22 is defined as 62, and
an angle of the third link 42 with respect to the second link
32 is defined as 03.

Based on the definitions, the position calculator 210 may
calculate a position of the wearer’s center M, of gravity
using equation (1), below.

Xe = (p1-ky + p2+ p3)-Lin - cos(0) + (p2-ka + p3)- (Eq. 1)
l1p-cos(6) +02) + (p3-k3)-l13-cos(0) + 6, +63)
= b -cos(0)) + by -cos(f; +6) +

b3 -cos(f) + 6, +03)

Ye=(p1-ki + p2+ p3)-liy -sin(0y) + (p2-k2 + p3)-
12-8in(0) +02) + (p3 -k3) - [13 - sin(0 + 02 + 63)

o

=lpy -sin(0)) + I -sin(f) + 6;) +

23 -sin(f) + 6, +63),

o

where x_ 1s an x-axis coordinate of the center M, of gravity,
¥, 1s a v-axis coordinate of the center M_ of gravity, p, is a
relative ratio

M;

pi=M1+M2+M3

of M, with respect to the entire mass, and k; is a ratio of a
distance to the center of gravity of each link. That is, k; is
a ratio of a distance to the center of gravity of the first link
22 with respect to the length of the first link 22, k, is a ratio
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of a distance to the center of gravity of the second link 32
with respect to the length of the second link 32, and k, is a
ratio of a distance to the center of gravity of the third link 42
with respect to the length of the third link 42. For example,
if the length of the first link 22 is 0.6 m, and a position of
the center of gravity is the center of the first link 22, 1,,=0.6
then k,=0.5.

The 3-link structure may change positions as illustrated in
the right part of FIG. 4, based on the position of the wearer’s
center M, of gravity. That is, by reducing or extending the
lengths of the individual links 22, 32, and 42 while main-
taining the angles 61, 02, and 03, one end of a 3-link
structure corresponds to the position of the center Mc of
gravity

The 3-link structure that has not changed is defined as a
first structure, and the 3-link structure that has changed is
defined as a second structure. In the second structure, the
length of a first link 28 is defined as 121, the length of a
second link 38 is defined as 122, and the length of a third
link 48 is defined as 123. According to equation (1), the
x-axis and y-axis coordinates of the center Mc of gravity are
calculated based on the newly defined link lengths 121, 122,
and 123.

The angles of the second structure may be the same as the
corresponding angles of the first structure. That is, the
corresponding parts between the first and second structures
may have the same angles. More specifically, an angle of the
first link 28 with respect to the ground in the second
structure is identical to the angle 81 of the first link 22 with
respect to the ground in the first structure, an angle of the
second link 38 with respect to the first link 28 in the second
structure is identical to the angle 62 of the second link 32
with respect to the first link 22 in the first structure, and an
angle of the third link 48 with respect to the second link 38
in the second structure is identical to the angle 63 of the third
link 42 with respect to the second link 32 in the first
structure.

Accordingly, adjusting the angles of the second structure
may be the same as adjusting the angles of the first structure.
For example, increasing the angle 01 of the first link 28 with
respect to the ground by al in the second structure is the
same as increasing the angle 01 of the first link 22 with
respect to the ground by al in the first structure.

Also, generating torque in order to adjust the angles of the
second structure is the same as generating torque in order to
adjust the angles of the first structure. For example, gener-
ating torque in a connection part between the first link 28
and the ground in order to adjust the angle 61 in the second
structure is the same as generating torque in a connection
part (that is, the first joint 11 (see FIG. 1A)) between the first
link 22 and the ground in order to adjust the angle 61 in the
first structure.

Therefore, the following description will be given based
on the second structure.

FIG. 5 illustrates a wearer’s motions when he/she stands
and sits.

Referring to FIG. 5, a wearer’s standing motion may be
divided into four operations S1 to S4. First, in operation S1,
the wearer is seated. When the wearer is sitting in operation
S1, the wearer’s lower extremities are bent, and the wearer’s
upper body stands upright. In operation S2, the wearer bends
his/her upper body forward and puts his’her weight on both
feet in order to stand up. In operation S3, the wearer
straightens his/her bent lower extremities, and straightens
his/her bent upper body. Finally, in operation S4, the wearer
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stands. When the wearer stands in operation S4, the wearer’s
lower extremities are straightened, and the wearer’s upper
body also stands upright.

Likewise, the wearer’s sitting motion may be divided into
four operations S4 to S7. In operation S4, the wearer is
standing, similar to operation S4 described above. In opera-
tion S5, the wearer bends his/her upper body forward, and
bends his/her lower extremities in order to sit down. In
operation S6, the wearer leans his/her upper body back, and
reduces his/her weight put on both feet. In operation S7, the
wearer is seated, similar to operation S1 described above.
Accordingly, in operation S7, the wearer’s lower extremities
are bent, and the wearer’s upper body stands upright. As
such, the wearer’s sitting motion may be the inverse of the
wearer’s standing motion. Accordingly, the following
description will be given with regard to the wearer’s stand-
ing motion.

FIG. 6 shows a 3-link motion trajectory for a standing
motion.

Referring to FIG. 6, in operation S1, the angle 61 of the
first link 28 with respect to the ground, the angle 62 of the
second link 38 with respect to the first link 28, and the angle
03 of the third link 48 with respect to the second link 38 are
nearly 90°. In operation S2, the angles 01, 02, and 03 are
reduced as compared to the angles in operation S1, and a
position of the center of gravity moves in the positive
directions on the x- and y-axes. In operation S3, the angles
01, 62, and 63 are further reduced as compared to the angles
in operation S2 and the position of the center of gravity
further moves in the positive directions on the x- and y-axes
than in operation S2. Then, in operation S4, the angles 01,
02, and 03 become 0° and the position of the center of
gravity further moves in the positive directions on the x- and
y-axes than in operation S3.

The angles 61, 62, and 63 in step S1 may be different from
those shown in FIG. 6, according to the wearer’s sitting
position. For example, if the wearer is seated in a lower
position than that shown in FIG. 6, the angle 81 in operation
S1 may be 90° and the angles 62 and 63 in operation S1 may
be close to 120°.

However, aspects that a trajectory in which the angles 01,
02, and 63 are reduced when the wearer stands is made, and
that the position of the center of gravity in a triangle region
T moves in the positive directions on the x- and y-axes are
the same as those shown in FIG. 6.

The position calculator 210 may calculate a position of
the wearer’s center of gravity, and detect a change in
position of the wearer’s center of gravity based on the
calculated position.

The velocity calculator 220 may calculate a velocity of
the wearer’s center of gravity, based on the position of the
wearer’s center of gravity and/or the change in position of
the wearer’s center of gravity, acquired from the position
calculator 210. As will be appreciated to one of ordinary
skill in the art, the velocity calculator 220 may calculate the
velocity of the wearer’s center of gravity using various
methods.

If the velocity calculator 220 calculates a velocity of the
wearer’s center of gravity, a change in velocity of the
wearer’s center of gravity may be detected. This will be
described in detail with reference to FIG. 7, below.

FIG. 7 is a velocity graph showing the velocities of the
centers of gravity for standing and sitting motions. In FIG.
7, a velocity V of the center of gravity is expressed by a
magnitude Vx of a coordinate on the x-axis and a magnitude
Vy of a coordinate on the y-axis. That is, V=(Vx, Vy).
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When a wearer stands or sits, the wearer’s center of
gravity changes in a shape of a pinwheel having four blades
on the velocity graph as shown in FIG. 7. That is, the
wearer’s center of gravity changes in correspondence to a
first step (corresponding to a first blade on the graph) in
which the wearer bends his/her upper body forward, a
second step (corresponding to a second blade on the graph)
in which the wearer stands, a third step (corresponding to a
third blade on the graph) in which the wearer sits, and a
fourth step (corresponding to a fourth blade on the graph) in
which the wearer leans his/her upper body back.

In the first blade which corresponds to the first step in
which the wearer bends his/her upper body forward, Vx of
the center of gravity increases and Vy of the center of gravity
decreases, and the movement of the center of gravity
changes at a point at which the Vx reaches 0.4 to 0.5 so that
the Vx decreases and the Vy increases. In the second blade
which corresponds to the second step in which the wearer
stands, Vx of the center of gravity decreases and Vy of the
center of gravity increases, and the movement of the center
of gravity changes at a point at which the Vy reaches 0.6 to
0.7 so that the Vx increases and the Vy decreases. Then, at
a point at which Vy reaches 0.2 to 0.4, the movement of the
center of gravity again changes so that Vx decreases, and Vy
decreases.

In the third blade which corresponds to the third step in
which the wearer sits, Vx of the center of gravity decreases
and Vy of the center of gravity decreases, and the movement
of the center of gravity changes at a point at which the Vy
reaches -0.2 to -0.4 so that the Vx increases and the Vy
decreases. Then, at a point at which Vy reaches -0.6 to -0.7,
the movement of the center of gravity again changes so that
Vx decreases, and Vy increases. In the fourth blade which
corresponds to the fourth step in which the wearer leans
his/her upper body back, Vx of the center of gravity
decreases and Vy of the center of gravity increases, and the
movement of the center of gravity changes at a point at
which the Vx reaches —0.2 to -0.3 so that Vx increases and
Vy decreases.

The velocity calculator 220 may calculate a velocity of
the wearer’s center of gravity to detect a change in velocity
of the center of gravity.

The motion determiner 230 may determine the wearer’s
intended motion, based on the velocity of the center of
gravity, acquired from the velocity calculator 230, and
pressure measured by the pressure sensor 100. More spe-
cifically, the motion detector 230 may determine whether the
wearer intends to stand or sit. The motion determiner 230
will be described in more detail with reference to FIGS. 8 to
10.

FIG. 8 is the velocity graph of FIG. 7 divided into nine
regions.

Referring to FIG. 8, the velocity graph of FIG. 7 may be
divided into nine regions of BU, MU, FU, BM, MM, FM,
BD, MD, and FD. More specifically, an area (a part in which
Vx decreases and Vy increases, and a part in which Vx
increases and Vy starts decreasing) in which Vx of the center
of gravity is below -0.1 in the second blade corresponding
to the second step in which the wearer stands, and an area
(atail part in which Vx decreases and Vy increases) in which
Vy is above 0.15 in the fourth blade may be defined as a BU
region. An area (a mid part in which Vx increases and Vy
decreases) in which Vx of the center of gravity is between
-0.1 and 0.1 in the second blade is defined as a MU region,
and an area (a tail part in which Vx increases, and Vy
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decreases, and a part in which Vx decreases, and Vy starts
decreasing) in which Vx is above 0.1 in the second blade is
defined as a FU region.

An area (a part in which Vx decreases and Vy decreases,
and a part in which VX increases and Vy starts decreasing)
in which Vx of the center of gravity is below -0.1 in the third
blade corresponding to the third step in which the wearer sits
is defined as a BD region, and an area (a mid part in which
Vx increases and Vy decreases) in which Vx is between -0.1
and 0.1 in the third blade is defined as a MD region. An area
(a part in which Vx decreases, and Vy starts increasing) in
which Vx of the center of gravity is above 0.1 in the third
blade, and an area (a part in which Vx decreases and Vy
starts increasing) in which Vy is below -0.15 in the first
blade corresponding to the first step in which the wearer
bends his/her upper body forward is defined as a FD region.

Also, an area (a mid part in which Vx decreases and Vy
increases, and a part in which Vx increases and Vy
decreases) in which Vy of the center of gravity is between
-0.15 and 0.15 in the fourth blade corresponding to the
fourth step in which the wearer leans his/her upper body
back is defined as a BM region, and an area (a part in which
Vx increases and Vy decreases) in which Vy of the center of
gravity is between -0.15 and 0.15 in the first blade corre-
sponding to the first step in which the wearer bends his/her
upper body forward is defined as a FM region. Also, an area
in which the four blades meet, that is, an area in which Vx
of the center of gravity is between -0.1 and 0.1 and Vy of
the center of gravity is between -0.15 and 0.15 is defined as
a MM region.

FIG. 8 shows an example of dividing a velocity graph into
nine regions. Reference values of Vx for dividing the
velocity graph into nine regions may be other values than
-0.1 or 0.1, and likewise, reference values of Vy for dividing
the velocity graph into nine regions may also be other values
than -0.15 or 0.15.

The reference values of Vx for dividing the velocity graph
into nine regions are defined as first direction reference
values, and the reference values of Vy for dividing the
velocity graph into nine regions are defined as second
direction reference values. The first and second direction
reference values are defined as first reference values. The
first reference values may be set in advance to predeter-
mined values, and stored in the storage unit 300 which will
be described later. Also, the first reference values may be
received from a wearer through a manipulation unit.

FIG. 9 is a graph showing pressure measured by a
pressure sensor and divided into two regions.

Referring to FIGS. 2 and 9, when a wearer stands and sits,
the pressure sensor 100 installed in the foot rest unit 15 may
measure pressure as shown in FIG. 9. More specifically, the
pressure sensor 100 may measure low pressure close to PL,
until a time t1. Then, the pressure sensor 100 may measure
sharply increasing pressure between t1 and t2. Then, the
pressure sensor 100 may measure high pressure close to PH
between t2 and t3, and measure sharply decreasing pressure
between t3 and t4. The pressure may decrease to approach
PL, and after t4, the pressure sensor 100 may measure low
pressure close to PL.

Based on the measured pressure, a state in which the
wearer is seated until t1, starts standing at t1, and is standing
between t2 and t3 can be recognized. Also, a state in which
the standing wearer starts sitting at t3 and is seated after t4
can be recognized.

The pressure graph may be divided into two regions based
on a reference value PM between PL and PH. A region
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having pressure higher than PM is defined as a HL region,
and a region having pressure lower than PM is defined as a
LL region.

The reference value PM may be set in various methods as
necessary. For example, the reference value PM may be set
to half PH. That is, if PH is 40, PM may be set to 20. As
another example, the reference value PM may be set to an
average value of PL. and PH. That is, if PL is 2 and PH is 40,
PM may be set to 21 which is an average value of 2 and 40.

The reference value PM for dividing the pressure graph
into two regions is defined as a second reference value. The
second reference value PM may be set in advance, and
stored in the storage unit 300 which will be described later.
Also, the second reference value PM may be received from
a wearer through a manipulation unit.

As shown in FIG. 8, the velocity graph of the center of
gravity may be divided into or defined as nine regions, and
as shown in FIG. 9, the pressure graph may be divided into
or defined as two regions. The motion determiner 230 may
determine a wearer’s intended motion using the defined
regions, and a method in which the motion determiner 230
determines a wearer’s intended motion using the defined
regions will be described with reference to FIG. 10, below.
FIG. 10 is a table related to standing and sitting motions.

Referring to FIG. 10, the vertical axis of the table is
divided into HL and LL, and each of HL and LL is divided
into U, M, and D. The horizontal axis of the table is divided
into B, M, and F.

The table may represent the regions defined as shown in
FIGS. 8 and 9. For example, if the controller 200 determines
the motion B from the horizontal axis of the table, and HL,
more specifically, M of HL. from the vertical axis of the
table, the BM region shown in FIG. 8 and the HL region
shown in FIG. 9 can be represented from a combination of
B and M of HL. As another example, if the controller 200
determines the region F from the horizontal axis of the table,
and LL, more specifically, D of LL from the vertical axis of
the table, the FD region shown in FIG. 8 and the LL region
shown in FIG. 9 can be represented from a combination of
Fand D of LL.

Also, the table may represent a wearer’s motion corre-
sponding to each region. More specifically, if the controller
200 determines that a wearer’s motion corresponds to the
HL region and the BU, MU or FU region, the controller 200
may determine that the wearer’s motion is an ascending
motion in which the wearer stands. If the controller 200
determines that a wearer’s motion corresponds to the HL.
region and the BD, MD or FD region, the controller 200 may
determine that the wearer’s motion is a descending motion
in which the wearer sits. Also, if a wearer’s motion corre-
sponds to the HL region and the MM region, the controller
200 may determine that the wearer’s motion is a stabiliza-
tion motion in which the wearer is standing.

Also, if a wearer’s motion corresponds to the LL region
and the FU, FM or FD region, the controller 200 may
determine that the wearer’s motion is a forwarding motion
in which the wearer bends his/her upper body forward. If a
wearer’s motion corresponds to the LL region and the BU,
BM or BD region, the controller 200 may determine that the
wearer’s motion is a backwarding motion in which the
wearer leans his/her upper body back. Also, if a wearer’s
motion corresponds to the LL region and the MM region, the
controller 200 may determine the wearer’s motion is a
stabilization motion in which the wearer is seated.

The motion determiner 230 may determine which region
each of a velocity of the center of gravity, acquired from the
velocity calculator 230, and pressure measured by the pres-
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sure sensor 100 corresponds to, and determine the wearer’s
intended motion based on the table.

For example, if Vx and Vy of the center of gravity,
calculated from the velocity calculator 230 are 0.2 and 0.4,
respectively, and pressure measured by the pressure sensor
100 is higher than PM, the motion determiner 230 may
determine that a wearer’s motion corresponds to the BU
region on the velocity graph and the HL region on the
pressure graph. Then, the motion determiner 230 may deter-
mine a state in which the wearer stands (ascending), based
on the table of FIG. 10, and determine the wearer’s intended
motion as a standing motion.

As another example, if Vx and Vy of the center of gravity,
calculated from the velocity calculator 230 are —-0.2 and
-0.4, respectively, and pressure measured by the pressure
sensor 100 is higher than PM, the motion determiner 230
may determine that a wearer’s motion corresponds to the BD
region on the velocity graph and the HL region on the
pressure graph. Then, the motion determiner 230 may deter-
mine a state in which the wearer sits (descending), based on
the table of FIG. 10, and determine the wearer’s intended
motion as a sitting motion.

The torque calculator 240 may calculate torque that is to
be generated in the joint units 11, 21, and 31, based on the
wearer’s intended motion. This will be described in detail
with reference to FIGS. 11 and 12, below.

FIG. 11 is a view for describing an example of torque that
is generated when a wearer stands.

In order for a sitting wearer to stand, a force is needed.
That is, in order to convert a state (operation 51) in which
a wearer is seated to a state (operation S4) in which the
wearer is standing, a desired (or, alternatively, a predeter-
mined) force F for moving the center of gravity may be
applied, as shown in the left side of FIG. 11. The force F may
include Fx that is applied in an x-axis direction and Fy that
is applied in a y-axis direction. That is,

7]

By adding the force F to the center of gravity, the
controller 200 may generate torque in individual connection
parts as shown in the right side of FIG. 11. As described
above, in the state (operation S1) in which the wearer is
seated, the angle 01 of the first link 28 with respect to the
ground, the angle 62 of the second link 38 with respect to the
first link 28, and the angle 83 of the third link 48 with respect
to the second link 38 are nearly 90°. In the state (operation
S2) in which the wearer is standing, the angles 061, 62, and
03 become 0°. Accordingly, in order to convert the operation
S1 to the operation S4, torque t1, T2, and t3 for changing the
angles 01, 62, 63 that are nearly 90° to 0° may be generated
in the respective connection parts. That is, torque Tl for
changing 01 to 0° may be generated in the connection part
between the first link 28 and the ground, torque ©2 for
changing 62 to 0° may be generated in the connection part
between the first link 28 and the second link 38, and torque
13 for changing 63 to 0° may be generated in the connection
part between the second link 38 and the third link 48.

Meanwhile, in order to decide the force F for moving the
center of gravity, and in order to calculate torque that is
generated in each connection part, the following equations
(2), (3), and (4) may be used. The controller 200 may
determine the force F using equation (2), below.

F=kyvtky (0ap.)s

F=

@
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where v is a velocity of the center of gravity, P, is a final
position of the center of gravity, P_ is a current position of
the center of gravity, and k, and k,, are constants.

The controller 200 may determine the torque using equa-

tion (3), below.
=JIF 3)

where T is torque T, T,, and T, that is,

Tl
T=|72 |,
3

F is the force for moving the center of gravity, J is a Jacobean
matrix, and T is transpose.

The Jacobean matrix J may be a matrix such as equation
4, below.

J=[J1 1 B3] 4)

where

5

[ —bsin(6y) — bpsin(0) + 6;) — L3sin(6) + 6, + 63)

Lr1cos(8)) + bacos(@) + 0) + lyzcos(6) + 65 + 63)

J [ —lzzsin(01 + 02) - 123 sin(01 + 02 + 03)
2

122008(01 + 02) + 123008(01 + 02 + 03)

5

J

5

—bh3sin(6) + 6, + 63)
’T [ Lscos(@) + 6, +65)

where 1, ,, 1,,, and I, are the lengths of the first link 28,
the second link 38, and the third link 48, respectively, 0, is
an angle of the first link 28 with respect to the ground, 0, is
an angle of the second link 38 with respect to the first link
28, and 0 is an angle of the third link 48 with respect to the
second link 38.

If the motion determiner 230 determines that a wearer’s
motion is a standing motion, the torque calculator 240 may
calculate torque t1, T2, and ©3 that is to be generated in the
respective connection parts.

The torque calculator 240 may calculate the torque t1, ©2,
and T3 based on the second structure, that is, based on the
3-link structure that has changed. Meanwhile, as described
above, generating torque in the individual connection parts
of'the second structure may be the same as generating torque
in the individual connection parts of the first structure. As a
result, the torque calculator 240 calculates torque t1, 12, and
13 that are to be generated in the joint units 11, 21, and 31.
More specifically, the torque calculator 240 may calculate
torque Tl that is to be generated in the first joint 11 of the
first structure, torque T2 that is to be generated in the second
joint 21 of the first structure, and torque T3 that is to be
generated in the third joint 31 of the first structure, respec-
tively.

FIG. 12 is a view for describing another example of
torque that is generated when a wearer stands.

In the example of FIG. 12, unlike the example of FIG. 11,
a state (operation S1) in which a wearer is seated is con-
verted to a state (operation S4) in which the wearer is
standing, via an intermediate operation. In order to convert
the operation S1 to the intermediate operation, a desired (or,
alternatively, a predetermined) force F1 may be added to the
center of gravity, and in order to convert the intermediate
operation to the operation S4, a desired (or, alternatively, a
predetermined) force F2 is added to the center of gravity.
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In order to add the force F1 to the center of gravity, first
torque may be generated in the individual connection parts.
Also, in order to add the force F2 to the center of gravity,
second torque may be generated in the individual connection
parts.

The torque calculator 240 may calculate the first torque
and the second torque that are to be generated in the
individual connection parts, using equations (2), (3), and (4).
In other words, the torque calculator 240 may calculate the
first torque and the second torque that are to be generated in
the joint units 11, 21, and 31 of the first structure.

FIG. 12 relates to a case in which there is one intermediate
operation, however, there may be a plurality of intermediate
operation. If there are a plurality of intermediate steps, the
torque calculator 240 may calculate torque a number of
times corresponding to the number of the intermediate
operations. That is, if there is n intermediate operation, the
torque calculator 240 may calculate 1st torque to (n+1)th
torque in correspondence to the n intermediate operations,
wherein n is an integer equal to or greater than 1.

FIGS. 11 and 12 relate to examples in which the torque
calculator 240 calculates torque that is to be generated in the
joint units 11, 21, and 31 when the motion determiner 230
determines that a wearer’s intended motion is a standing
motion.

Likewise, when the motion determiner 230 determines
that the wearer’s intended motion is a sitting motion, the
torque calculator 240 may also calculate torque that is to be
generated in the joint units 11, 21, and 31. In this case, the
torque calculator 240 may calculate torque using the above-
described examples inversely.

The driving controller 250 may output control signals to
the drivers 400 based on the values calculated by the torque
calculator 240 so as to generate torque in the joint units 11,
21, and 31. Details about this operation will be described
again with reference to FIG. 11.

As described above with reference to FIG. 11, the torque
calculator 240 may calculate torque t1 that is to be generated
in the first joint 11, torque T2 that is to be generated in the
second joint 21, and torque T3 that is to be generated in the
third joint 31, respectively.

Based on the torque tl, T2, and T3, the driving controller
250 may output a control signal to the driver 400 of the first
joint 11 so that the torque t1 is generated in the first joint 11,
output a control signal to the driver 400 of the second joint
21 so that the torque T2 is generated in the second joint 21,
and output a control signal to the driver 400 of the third joint
31 so that the torque T3 is generated in the third joint 31.

If the drivers 400 generate torque in the respective joints
11, 21, and 31 according to the control signals, the respective
joints 11, 21, and 31 move or rotate according to the
generated torque. For example, when the wearer stands, like
the example of FIG. 11, the respective joints 11, 21, and 31
move or rotate such that all the angles 61, 62, and 63 become
0°.

The movements or rotations of the joint units 11, 21, and
31 assist joints of the wearer’s lower extremities when the
wearer stands or sits.

The storage unit 300 may store data or algorithms for
manipulating the wearable robot 1.

As an example of data storage, the storage unit 300 may
store the reference values Vx and Vy for dividing the
velocity graph, and the reference value PM for dividing the
pressure graph. Further, the storage unit 300 may store a
table related to standing and sitting motions.

In other example embodiments, the storage unit 300 may
store an algorithm for calculating a position and a velocity
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of the center of gravity, an algorithm for determining a
wearer’s intended motion based on the table as shown in
FIG. 10, and an algorithm for calculating torque that is to be
generated in the joint units 11, 21, and 31.

The storage unit 300 may be a non-volatile memory
device, such as Read Only Memory (ROM), Programmable
Read Only Memory (PROM), an Frasable Programmable
Read Only Memory (EPROM), and a flash memory, a
volatile memory device such as Random Access Memory
(RAM), a hard disk, or an optical disk. However, the storage
unit 300 is not limited to these, and may be any other storage
device well known in the art.

The components of the wearable robot 1 and the functions
of the components have been described above, and herein-
after, a control method of the wearable robot 1 will be
described with reference to a flowchart.

FIG. 13 is a flowchart illustrating a control method of the
wearable robot 1, according to some example embodiments.

Referring to FIG. 13, in operation 500, the controller 200
may calculate a position of a wearer’s center of gravity.

In operation 510, the controller 200 may calculate a
velocity of the wearer’s center of gravity based on the
position of the wearer’s center of gravity. Further, the
pressure sensor 100 installed in the foot rest unit 15 may
measure pressure.

In operation 520, the controller 200 may determine the
wearer’s intended motion based on the velocity of the
wearer’s center of gravity and the measured pressure. More
specifically, the controller 200 may determine the wearer’s
movement state based on the velocity of the wearer’s center
of gravity and the measured pressure. Further, the controller
200 may determine the wearer’s intended motion based on
the wearer’s movement state.

In detail, the velocity V of the wearer’s center of gravity
is divided into a velocity magnitude Vx on the x-axis and a
velocity magnitude Vy on the y-axis. That is, V=(Vx, Vy).
Vx may be compared to at least one first direction reference
value of first reference values, and Vy may be compared to
at least one second direction reference value of the first
reference values. Also, the measured pressure may be com-
pared to a second reference value.

If Vx is equal to or smaller than a minimum value of the
first direction reference values, and the pressure is smaller
than the second reference value, the wearer’s movement
state is determined to be a state in which the wearer leans
his/her upper body back. If Vx is equal to or greater than a
maximum value of the first direction reference values, and
the pressure is smaller than the second reference value, the
wearer’s movement state is determined to be a state in which
the wearer bends his/her upper body forward. Also, if Vy is
equal to or smaller than a minimum value of the second
direction reference values, and the pressure is equal to or
greater than the second reference value, the wearer’s move-
ment state is determined to be a state in which the wearer
sits. If Vy is equal to or greater than a maximum value of the
second direction reference values, and the pressure is equal
to or greater than the second reference value, the wearer’s
movement state is determined to be a state in which the
wearer stands.

If Vx is between the minimum value and the maximum
value of the first direction reference values, Vy is between
the minimum value and the maximum value of the second
direction reference values, and the pressure is smaller than
the second reference value, the wearer’s movement state is
determined to be a state in which the wearer is seated. If Vx
is between the minimum value and the maximum value of
the first direction reference values, Vy is between the mini-
mum value and the maximum value of the second direction
reference values, and the pressure is equal to or greater than
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the second reference value, the wearer’s movement state is
determined to be a state in which the wearer is standing.

Meanwhile, if the wearer’s movement state is determined
to be a state in which the wearer stands, the wearer’s
intended motion is determined to be a standing motion. Also,
if the wearer’s movement state is determined to be a state in
which the wearer sits, the wearer’s intended motion is
determined to be a sitting motion.

In operation 530, if the wearer’s intended motion is
determined to be a standing motion or a sitting motion, the
controller 200 may calculate torque that is generated in the
individual joint units 11, 21, and 31.

In operation 540, the controller 200 may output control
signals to the drivers 400 included in the individual joint
units 11, 21, and 31 based on the calculated torque. Accord-
ingly, the same torque as the calculated torque may be
generated in the individual joint units 11, 21, and 31.

Although a few example embodiments have been shown
and described, it would be appreciated by those skilled in the
art that changes may be made in these example embodi-
ments without departing from the principles and spirit of the
disclosure, the scope of which is defined in the claims and
their equivalents.

What is claimed is:
1. A wearable robot comprising:
at least one link configured to support a wearer of the
wearable robot;
at least one joint configured to connect the links to each
other;
a controller configured to,
detect a first position of a center of gravity of the
wearer,
detect a second position of the center of gravity of the
wearer,
determine a velocity of the center of gravity of the
wearer based on a time and a distance between the
first position and the second position,
determine magnitudes of the velocity in a first direction
and a second direction, the second direction being
perpendicular to the first direction,
determine an intended motion of the wearer based on
the magnitudes of the velocity of the center of
gravity of the wearer, and
calculate at least one torque based on the intended
motion; and
a driver configured to generate the calculated torque in
the joints.
2. The wearable robot according to claim 1, further
comprising:
a pressure sensor configured to sense pressure due to a
weight of the wearer, wherein
the controller is configured to determine a movement
state of the wearer based on the calculated velocity
and the sensed pressure, and determine the intended
motion of the wearer based on the movement state.
3. The wearable robot according to claim 2, wherein the
controller is configured to determine the movement state of
the wearer by,
comparing the calculated velocity of the center of gravity
of the wearer to one of first reference values, and
comparing the sensed pressure to one of second reference
values.
4. The wearable robot according to claim 3, wherein the
controller is configured to,
compare a magnitude in a first direction of the calculated
velocity of the center of gravity of the wearer to at least
one first direction reference value of the first reference
values, and
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compare a magnitude in a second direction of the calcu-
lated velocity of the center of gravity of the wearer to
at least one second direction reference value of the first
reference values.

5. The wearable robot according to claim 4, wherein the
first direction is perpendicular to the second direction.

6. The wearable robot according to claim 4, wherein the
controller is configured to determine the movement state as
state in which the wearer is leaning back, if the magnitude
in the first direction is equal to or smaller than a minimum
value of the at least one first direction reference value, and
the sensed pressure is smaller than the second reference
value.

7. The wearable robot according to claim 4, wherein the
controller is configured to determine the movement state as
a state in which the wearer is bending forward, if the
magnitude in the first direction is equal to or greater than a
maximum value of the at least one first direction reference
value, and the sensed pressure is smaller than the second
reference value.

8. The wearable robot according to claim 4, wherein
controller is configured to determine the movement state as
a state in which the wearer is sitting down, if the magnitude
in the second direction is equal to or smaller than a minimum
value of the at least one second direction reference value,
and the sensed pressure is equal to or greater than the second
reference value.

9. The wearable robot according to claim 4, wherein the
controller is configured to determine the movement state as
a state in which the wearer is standing up, if the magnitude
in the second direction is equal to or greater than a maximum
value of the at least one second direction reference value,
and the sensed pressure is equal to or greater than the second
reference value.

10. The wearable robot according to claim 4, wherein the
controller is configured to determine the movement state as
a state in which the wearer is seated, if the magnitude in the
first direction is between a minimum value and a maximum
value of the at least one first direction reference value, the
magnitude in the second direction is between a minimum
value and a maximum value of the at least one second
direction reference value, and the sensed pressure is smaller
than the second reference value.

11. The wearable robot according to claim 4, wherein the
controller is configured to determine the movement state as
a state in which the wearer is standing, if the magnitude in
the first direction is between a minimum value and a
maximum value of the at least one first direction reference
value, the magnitude in the second direction is between a
minimum value and a maximum value of the at least one
second direction reference value, and the sensed pressure is
equal to or greater than the second reference value.

12. The wearable robot according to claim 2, wherein if
the controller determines that the movement state is a state
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in which the wearer stands, the controller is configured to
determine that the intended motion of the wearer is a
standing motion.

13. The wearable robot according to claim 2, wherein if
the controller determines that the movement state is a state
in which the wearer sits, the controller is configured to
determine that the wearer’s intended motion is a sitting
motion.

14. The wearable robot according to claim 1, wherein the
controller is configured to calculate the torque, if the con-
troller determines that the wearer’s intended motion is a
standing motion or a sitting motion.

15. The wearable robot according to claim 1, wherein the
controller is configured to calculate the torque n times so that
the wearable robot assists the wearer in performing the
intended motion through n steps, wherein n=z1.

16. The wearable robot according to claim 1, wherein the
controller is configured to calculate the torque using the
following equation:

=J"F

where 1 is at least one torque, F is a force for moving the
center of gravity of the wearer, J is a Jacobean matrix,
and T is transpose.
17. A control method of a wearable robot comprising:
detecting a first position of a center of gravity of a wearer
of the wearable robot;
detecting a second position of the center of gravity of the
wearer;
determining a velocity of the center of gravity of the
wearer based on a time and a distance between the first
position and the second position;
determining magnitudes of the velocity in a first direction
and a second direction, the second direction being
perpendicular to the first direction;
determining an intended motion of a wearer of the wear-
able robot based on the magnitudes of the velocity of
the center of gravity of the wearer;
calculating at least one torque based on the intended
motion; and
generating the calculated torque in one or more joints
connecting one or more links of the wearable robot to
each other.
18. The control method according to claim 17, further
comprising:
measuring pressure via a pressure sensor, wherein
the determining of the intended motion includes,
determining a movement state of the wearer based on
the calculated velocity and the measured pressure,
and
determining the intended motion of the wearer based
on the movement state.
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